Hydrological and geotechnical investigation of a Sparta, New Jersey landslide by Talerico, James
New Jersey Institute of Technology
Digital Commons @ NJIT
Theses Theses and Dissertations
Fall 2002
Hydrological and geotechnical investigation of a
Sparta, New Jersey landslide
James Talerico
New Jersey Institute of Technology
Follow this and additional works at: https://digitalcommons.njit.edu/theses
Part of the Civil Engineering Commons
This Thesis is brought to you for free and open access by the Theses and Dissertations at Digital Commons @ NJIT. It has been accepted for inclusion
in Theses by an authorized administrator of Digital Commons @ NJIT. For more information, please contact digitalcommons@njit.edu.
Recommended Citation
Talerico, James, "Hydrological and geotechnical investigation of a Sparta, New Jersey landslide" (2002). Theses. 606.
https://digitalcommons.njit.edu/theses/606
 
Copyright Warning & Restrictions 
 
 
The copyright law of the United States (Title 17, United 
States Code) governs the making of photocopies or other 
reproductions of copyrighted material. 
 
Under certain conditions specified in the law, libraries and 
archives are authorized to furnish a photocopy or other 
reproduction. One of these specified conditions is that the 
photocopy or reproduction is not to be “used for any 
purpose other than private study, scholarship, or research.” 
If a, user makes a request for, or later uses, a photocopy or 
reproduction for purposes in excess of “fair use” that user 
may be liable for copyright infringement, 
 
This institution reserves the right to refuse to accept a 
copying order if, in its judgment, fulfillment of the order 
would involve violation of copyright law. 
 
Please Note:  The author retains the copyright while the 
New Jersey Institute of Technology reserves the right to 
distribute this thesis or dissertation 
 
 
Printing note: If you do not wish to print this page, then select  
“Pages from: first page # to: last page #”  on the print dialog screen 
 
The Van Houten library has removed some of
the personal information and all signatures from
the approval page and biographical sketches of
theses and dissertations in order to protect the
identity of NJIT graduates and faculty.
ABSTRACT
HYDROLOGICAL AND GEOTECHNICAL INVESTIGATION
OF A SPARTA, NEW JERSEY LANDSLIDE
by
James Talerico
On August 13, 2000, a massive landslide occurred in Northern New Jersey following an
extreme rainfall event during which 14.1 inches of precipitation fell locally during a 24-
hour period. The slide, with an estimated volume of 22,000ft 3 , traveled up to 1500ft in a
short period. While landslides do occasionally occur along the coastal bluffs of the
Atlantic Coastal Plain, slides of this magnitude are uncommon in the glacial soils of the
New Jersey Highland section.
The investigation of this landslide was compiled through rainfall data and
geotechnical data, which was used to determine the triggering mechanism of the
landslide. The information supplied herein consists of a hydrological study, a
geological/geotechnical study, a topographic survey, and slope stability analyses.
The results of the data obtained and analyses performed determined that the
triggering mechanism was a result of extreme pore-water pressures developed from the
rainfall event and an abrupt change in permeability between two soil strata. This paper
takes the results of this information to support the causative factors contributing towards
the slope failure.
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CHAPTER 1
INTRODUCTION
1.1 Objective
The objective of this thesis is to investigate a slope failure in a development currently
under construction that occurred in Sparta, New Jersey during an extreme rainfall event.
In order to determine the triggering factor in the cause of the landslide, several
key factors were analyzed. The factors that are considered in this analysis are a
hydrological study, a geological/geotechnical study, and a slope stability analysis. A
hydrological study was performed to determine the drainage area, amount of rainfall,
volume of rainfall, and amount of flow tributary to the landslide. The
geological/geotechnical investigation was performed to determine different types of soils
located within and around the landslide, the history of the geologic features in the area,
and their relevant soil properties.
Upon determining the classification and studying the various features of the
landslide, a slope stability analysis is performed to reinforce the data obtained from the
hydrological and geological/geotechnical study. Based on field observations, after the
landslide had occurred, and comparison with other landslides, a classification of this
landslide was established.
In light of hydrologic data and geotechnical studies a slope stability analysis was
used in arriving at the factors contributing to the slope failure.
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21.2 Background Information
During the days of August 11-14, 2000, Sparta, New Jersey experienced an extreme
rainfall event that devastated the area. Doppler radar estimates of total rainfall for the 4-
day period reached approximately 15 inches along the border between Sussex and Morris
Counties (National Weather Service, 2002). As a result of this extreme rainfall event, the
Sussex County area was decimated by extreme flooding, dam failures and landslides. All
of these took their toll on the Township of Sparta and other towns. This extreme rainfall
event was the main cause of the landslide analyzed within this thesis.
The landslide occurred on the morning of August 13, 2000, shortly after the
rainfall had subsided. The landslide occurred in Sparta, NJ just off Route 517 (Glen
Road) in a residential development which was under construction [Figure 1.1].
Figure 1.1 Aerial photograph of Sparta Mountain Sparta, Sparta, NJ (4-meter resolution)
(Courtesy of teraserver.microsoft.com) (USGS 1991).
3The area in which the landslide occurred, is located on the lower portion of the Sparta
Mountains. The aerial photographs are shown in Figures 1.1 and 1.2. As seen in Figure
1.1 photograph, some areas of the Sparta Mountains were used as farming even though
existing topography were sometimes in excess of 15% grade. A close-up shows the
location of the landslide and how the area in which the landslide occurred was most
likely used for agricultural purposes [Figure 1.2]. According to one source, the soil was
once used for hay, pasture, woodland, and infrequent row crops (Fletcher 1975).
Figure 1.2 Aerial photograph of Sparta Mountain Sparta, Sparta, NJ (1-meter resolution)
(Courtesy of teraserver.microsoft.com) (USGS 1991).
4By using the aerial maps in Figures 1.1 and 1.2, USGS Quad maps [Figure 1.3],
and countless site investigations, determining the actual location of the landslide became
quite intuitive. Although the landslide was topographically surveyed, no survey control
was found in the area to tie the landslide into a horizontal datum.
Figure 1.3 USGS aerial topography of Sparta Mountain, Sparta, NJ.
Residential construction had commenced on the parcel of land on which the
landslide occurred. Roadways were cut into existing slope and the slope failure occurred
just above one of the proposed roadways. However, construction had met all the town
requirements for grading, and construction was being followed according to the most
recent approved set of site plans. Although the new road cut may have aided in a
5premature failure of the slope, the information provided herein will justify that regardless
of the new road failure was eminent.
CHAPTER 2
HYDROLOGICAL STUDY
2.1 Rainfall Data
A civil engineer, in many aspects, is a person that designs against the natural elements of
the earth in order to increase our natural well being. In this case, our natural element is
water, in the form of precipitation. Engineers are constantly designing drainage
structures, storm pipe networks, and other drainage infrastructure, in order to develop the
surrounding areas. In doing this, designs are based on data that are used to develop
specific areas, but must also take into account the surrounding areas and future
development opportunities by not increasing the existing runoff. However, even
designing to the most stringent standards required by engineers, mother nature has still
proven that no design is indestructible, much to the agreement of many residents in the
Township of Sparta.
On the day of August 12, 2000, rainfall data was obtained from rain gauges all
over the northern state of New Jersey. Town, County, and State records were set for the
amount of rainfall in a 24-hour period, which can be seen in the Doppler Radar [Figure
2.1]. The reason for the unusual rainfall event can be explained by meteorological data.
A deep and unstable layer of extreme humid, tropical air carried a combination of east to
southeast winds both at the ground surface and at several layers of the atmosphere up to
15,000 feet, converged (Lombardo 2000). The continuous southeasterly stream of
moisture produced slow moving thunderstorms that would generate rainfall in record
proportion (Lombardo 2000). Data was obtained by local meteorologists' rain gauges
6
Figure 2.1 Doppler radar of August 12, 2000 storm event (Accuweather 2000).
7
Figure 2.2 Total rainfall at 41 rain gages in Northern New Jersey (USGS 2002).
8from the area to produce a contour map of rain fall in the Northern New Jersey Area
[Figure 2.2 USGS 2002]. This information along with rain gauge data obtained from a
private Sparta rain gauge [Table 2.1] (Lombardo 2000) a 24-hour rainfall event was
generated to perform a drainage analysis. Since the private rain gauge only held accurate
data until 3pm and total rainfall is only an estimate, the 14.1 inches of rain that was
recorded by the National Weather Service is used to determine an average rainfall for the
time between 3pm to 8pm (USGS 2002).
This data best serves its purpose in running a storm analysis to better determine
how much flow and volume of water that was tributary to the landslide.
92.2 Storm Analysis
The rainfall data obtained is a crucial aspect in running an actual storm analysis for a
specific rainfall event. From the data obtained in the previous section, an analysis was
created using a software program called "Hydroflow Hydrographs 2002," by Intelisolve.
This software runs the TR-55 method, which is a method that computes the time
of concentration, tc. Time of concentration is defined as the amount of time need for
runoff to flow from the most remote point in the drainage area to the point of analysis
(Gribbin 1997). The software also runs the analysis, called the SCS Method, which is
necessary for computing the hydrograph for a storm event in order to determine the flow
of runoff versus time and the overall volume created by the storm event. The SCS
Method is defined as a procedure for computing a synthetic hydrograph based upon
empirically determined factors developed research conducted by the Soil Conservation
Service (Gribbin 1997).
In order to run this part of the analysis accurately, there were a number of
variables that were necessary in order to run the program. The first part of the analysis,
the TR-55 Method, uses several variables needed to determine the time of concentration.
The time of concentration is broken into three types of flow: Sheet Flow, Shallow
Concentrated Flow, and Channel Flow. In the analysis performed, only sheet flow and
shallow concentrated flow were used since there was no channel flow. Sheet flow and
shallow concentrated flow was obtained using USGS maps to obtain slopes and flow
length for the two types of flow. For sheet flow, a Manning n-value is required to
determine the travel time. The Manning n-value that was utilized was 0.59. This number
was determined by using the runoff coefficients table (NJDEP 1995) [Table A.1]. Using
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the hydrologic soil group "C" which was obtained from the Soil Survey of Sussex
County, New Jersey, and using the land-use description of wood or forest land with poor
cover, yields the runoff coefficient 0.59 (Fletcher 1975). Poor ground cover was chose
instead of good cover, because rock outcrops are very pronounced in the area. The data
for time of concentration yield a result of 171.6 minutes for the total travel time
[Appendix A, Table A.3].
In order to obtain a hydrograph, a drainage area that is tributary to the landslide is
necessary. Using a USGS quad map, a delineation of the overall drainage area yielded an
8.32-acre spread. Of those 8.32 acres, 5.95 acres of the drainage area is woods in a poor
hydrologic condition and 2.37 acres of the drainage area is brush in a good hydrologic
condition.
This information is also used to determine a curve number (CN). Based on the
area break down above, a weighted CN was calculated. A weighted CN is based upon
the total drainage and the break down of each type of cover type and its respective CN
[Table A.2]. By inputting the aforementioned data to the program, a weighted CN was
determined to be 74.
Once the above information was obtained along with the rainfall data complied
from the Sparta Mountain rain gauge [Figure 2.3, 2.4], the SCS Method is ready to
compute the peak flow, overall hydrograph volume, and a hydrograph that produces flow
vs. time data.
Upon completion of entering the final data into Hydroflow, a hydrograph was
generated [Appendix A, Figure A.2]. The results yield astounding data, which clearly
Figure 2.4 Total precipitation per hour (%) vs. time.
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show what an intense rainfall can generate for a relatively small drainage area. The peak
runoff generated was 13.23 cfs at the 12th hour of the rainfall event, which directly
correlates to the most intense part of the storm event. From the 8 th hour of the storm to
the 22" hour, an average of 8 cfs per hour was generated by this storm event. This
hydrograph was then able to generate the volume of rainfall, in cubic feet, for the entire
drainage area. The volume computed was 399,035 cu. ft., which is based on the amount
of rainfall and the overall drainage area.
2.3 Discussion of Results
Storms that produce intense rainfall for periods as short as several hours or have a more
moderate intensity lasting several days have triggered abundant landslides in many
regions (Landslides 1996). Based on the rainfall data and storm analysis for this
landslide, the amount of rainfall that inundated the landslide location, created a
tremendous amount of saturation and pore pressures. Terazaghi argued that seasonal
variations in rainfall can give rise to seasonal variations in the fluid pressure, thereby
reducing the shearing resistance independent of any effect on the angle of sliding friction
(Terazaghi 1950). Thus during periods of heavy or prolonged rainfall, such as this
rainfall event, slopes become more susceptible to failure because of the attendant
increases in fluid pressures for water levels and decreases in effective stress (Domenico
1998).
The rapid infiltration of rainfall, causing soil saturation and a temporary rise in
pore-water pressures, is generally believed to be the mechanism by which most shallow
landslides are generated during storms (Landslides 1996). Chapter four of the thesis,
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which demonstrates the slope stability analysis, will further support the effects of this
major rainfall event and how the seepage forces and decrease in effective stress was one
of the principal factors in triggering this landslide.
CHAPTER 3
GEOLOGIC & GEOTECHNICAL STUDY
3.1 Geologic Background
The geologic features of the site for landslide sites are more important for slides that have
potential failure planes along the bedrock surface. Although other geological features,
such as glacial till, can represent a failure plane if a significant change in permeability
takes place. The formation of the site is very important in investigating potential or
existing slide surfaces. Bedrock maps are normally available for most states and can help
in determining the underlying factors of the type of bedrock based on the formations on
the maps (Figure 3.1). However, borings and test pits are excellent ways in determining
the depth at which the bedrock formation may lie. Significant changes in the landmass
can have significant consequences on the failure surface.
According to the Bedrock Geologic Map of Northern New Jersey, the landslide
site is located above the Leithville Formation. The bedrock above the crown of the slide
Figure 3.1 Partial view of Bedrock Geologic Map of Northern New Jersey.
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is a Hornblende Granite. Although the shown formations are not an exact indication of
the triggering mechanism of the landslide, the characteristics of the Leithville formation
were essential in determining the landslide location. Soils investigations, which will be
discussed soon after this section, that were performed for the landslide site, prove that the
bedrock was not the failure plane. However, a light gray glacial till was reached, which
had the characteristics of bedrock. The color and geology of the till had similar
characteristics of the Leithville formation. The Hornblende granite located above the
crown of the landslide was also verified through site investigations. Many bedrock
outcrops were located above the crown of the landslide, and had similar characteristics of
the Hornblende granite called out by the bedrock map.
3.2 Site Investigation
Field investigation has long been recognized as the central and decisive part of a study of
landslides and landslide-prone regions (Philbrick & Cleaves 1958, Sowers & Royster
1978). Even though this is not a landslide prone region, it becomes even more imperative
that a thorough site investigation be completed. This investigation has many factors and
elements that need to be explored. A landslide checklist as shown in Table 3.1, can
provide a thorough and concise outline to guide in the investigation.
The particular landslide studied in Sparta, did not require the checklist in its
entirety. The factors necessary for this investigation from the checklist are as follows: 1)
Topography, 2) Geology (depth of bedrock), 3) Groundwater, 4) Weather, and 5) History
of slope change (construction).
Table 3.1 Checklist for Planning a Landslide Investigation (Landslides 1996)
16
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Prior to any investigations, background knowledge of the Sparta area is necessary
to better understand the geological and geotechnical conditions. The Soil Survey for
Sussex County provided information of existing soil conditions based upon extensive soil
testing performed in the 1970's. This information provides a general guideline of what
kind of soil conditions to expect, how the soil properties react under certain conditions
and what type of environment is best suited for that particular soil. From the first
General Soil Map Sussex, New Jersey, a general soil association has been designated
throughout Sussex County (Fletcher 1975). The map delineates the landslide location as
a number 10 on the legend. A number 10 is defined as a soil formed in glacial till or in
material weathered from bedrock, and is classified as a Rockaway-Rock outcrop-
Whitman association. This type of classification is described as a steep and very steep,
deep, well drained gravelly to very stony loamy soils; rock outcrops; and nearly level
deep, very poorly drained extremely stony loamy soils on upland (Fletcher 1975). This
gives a general overview of what to expect in the field.
Delving further into the soil survey, more properties are revealed to show that the
Rockaway series soils formed in coarse-textured or moderately coarse textured glacial till
(Fletcher 1975). Permeability is moderately rapid above the fragipan and slow in the pan
(Fletcher 1975). Root penetration is restricted in the fragipan (Fletcher 1975).
A more specific classification of soils is depicted in other soils maps with
in the soil survey. These maps are flown aerial maps with zones of soils superimposed
and labeled on them [Figure 3.3]. The area in where the slide occurred is RoC
(Rockaway Gravelly Loam) and the soil located directly above the slide is ROE (Rock
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Gravelly Loam) and the soil located directly above the slide is ROE (Rock outcrop-
Rockaway association. The Rockaway gravelly loam is normally underlain by a fragipan
and located in slopes of 8 to 15 percent. In areas where there are significant slope
changes small seep areas are created. The Rock outcrop-Rockaway association consists
of 70 to 90 percent bedrock outcrops, rock rubble or soil material less than 10 inches
thick (Fletcher 1975). The slope range is 25 to 35+ percent.
The above soil information was an essential tool in aiding in the overall site
investigation, since the investigation process for this study did not start until 7 months
after the landslide occurred. The various site investigations consisted of photographs,
soil sampling, nuclear densometer testing, and topographic surveying of the landslide.
The photographs taken of the site show the various features of the landslide.
Based on the observations of the site, discussion of the features must be represented
properly. When discussing various aspects of a landslide, it is important that the
landslide features are referenced. A landslide feature map explains all features of a
landslide, which will help in understanding the overall observations [Figure 3.4].
Figure 3.4 Definitions of landslide features (Landslides 1996).
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The tip and toe of the landslide as well as part of the foot were cleaned up prior to
the first site investigation. Information from eye witnesses stated that the foot of the
landslide had traveled across Glen Road (Rt. 517). The partially constructed road that led
to the future development had also been cleared. One of the Sparta Pump Houses is also
located on this road and was affected by the slide [Figure 3.5]. As seen in the
photograph, the landslide residue stained the building. The soil rose as high as 4 feet
around the pump house which was powerful enough to damage the existing door and
window, but not powerful enough to damage the buildings foundation.
22
Figure 3.6 Photograph of landslide depicting the path of the foot.
Advancing up the foot of the slide, areas had been cleared for new construction,
however the slide was powerful enough to uproot small caliper tress and brush [Figure
3.6]. The landslide seemed to lose most of its energy towards the bottom slope of the
mountain, where the landslide encountered an area of dense woods in which no tree
damage was apparent.
The next photograph depicts the Toe of Surface of Rupture [Figure 3.7]. The far
left of the photograph depicts the new slope introduced by the newly constructed
roadway. Small trees and debris were also seen in the center of the rupture surface. The
soil in the surrounding area was 100% saturated at the time of investigation due to a
recent snow storm. The overall width of the surface of rupture was approximately 25
feet wide.
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Figure 3.7 Photograph of toe of surface of rupture.
The left flank is depicted in the next photograph [Figure 3.8]. The wooded area
located on the left flank had substantial root reinforcement and mostly likely prevented a
larger area of failure. The failure on both flanks was near a vertical plane failure, which
suggests a very high degree of saturation. The average width between the flanks was
approximately 175 feet.
Figure 3.8 Photograph of left flank of landslide.
Standing from the top of the crown, looking into the body of the landslide, it was
evident that the depleted mass was quite large due to the fact that a fairly shallow slope
failure existed [Figure 3.9]. The main scarp and the area of depleted mass near the scarp
were 100% saturated and still unstable. Daylighting was seen at the base of the scarp as
well as parts of the head of both the right and left flank. The depleted mass and foot soil
were homogenous and had similar soil properties. Visual classification of the soil
appeared to be a Silty Sand with gravel. A very small portion of clay may be in this
layer. Throughout the landslide there were no visual signs of the actual surface of rupture
except along the flanks and scarp. It appeared the extreme saturation of the soil and lack
of root reinforcement may have created the actual failure.
24
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Figure 3.9 Photograph of main body (Taken from crown of landslide).
Traveling above the crown, major rock outcrops, dense vegetation, and poor
ground cover were evident. Permeability seemed to be poor in the areas above the slide.
Extreme slopes in some areas seemed to be in excess of 45%. Small drainage swales
were present and may have increased runoff velocities and created small point discharges
towards crown of slide [Figure 3.10]. Small topographic deviations such as the one being
discussed are often the most critical with regard to fluid pressures and slope stability,
especially in areas of groundwater discharge (Domenico 1998). Extreme runoff also
seemed to be a contributing factor and a possible triggering mechanism of slide.
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Figure 3.10 Photograph of natural swale located above the crown of landslide.
After the walkthrough of the site, soil samples were taken. Samples were also
obtained from the day of the slide, which were also thoroughly investigated. Five
samples were taken at various depths within the slide. The samples were taken at depths
of 18 inches, 3 feet, 8 feet, and the final sample which was excavated using a hydraulic
excavator at a depth of 16 feet. The change in soil became apparent at a depth of 14 feet,
when the color had changed from brown to gray and the soil was much more firmly
compacted. The soil appeared to be a glacial till. Excavation within the slide continued
to a depth of 32 feet below existing grade, which concluded that bedrock was not the
underlying factor. Within the 18 foot excavation, another layer change was evident at an
approximate a depth of 24 feet below existing grade, but the characteristics in compaction
grain size did not change much. However, the extreme change in compaction at around
27
the depth of 14 feet became a major point of concern, which seemed to be the surface of
rupture. Permeability almost seemed non-existent within the glaciated layer.
Other variables such as specific weights of soil layers are also important when
determining slope stability. Severe differences within unit weights between layers are
often a sign of a change in permeability and soil composition. The use of a nuclear
densometer, a gauge that can detect dry unit weights of soil and moisture contents, can
accurately determine the in-situ conditions of the soil. Nuclear densometer readings were
taken on the landslide site in three different locations. The first reading was taken at one
foot below existing grade just outside the right flank. The second reading was taken
inside the slide approximately seven feet down on the right flank. In order to perform
this test a level shelf was created using a hand shovel approximately 3 feet into the right
flank. The third test was taken at a depth of 14 feet where the abrupt change in soil
composition was detected. The dry unit weight and moisture content results were as
follows: 1) 1 foot — 95 lb/ft 3 and 16% moisture, 2) 7 feet — 110 lb/ft3 and 20% moisture,
3) 14 feet — 130 lb/ft3 and 12% moisture. However, the data obtained for moisture
content is not accurate, because these moisture contents would yield degrees of saturation
all over 1.
The final site visit consisted of topographic survey. The details of the survey are
included in the next section of this chapter, where the procedure, methodology, and
information obtained are extremely pertinent to the landslide investigation.
28
3.3 Site Survey Data
To achieve a truly accurate depiction of a landslide, a topographic survey is an excellent
tool that will not only lend accuracy towards your final product but also represents a
visual tool that can be expressed in a 3-D model. This can help in answering questions
that are sometimes approximated by empirical formulas. A prime example of how a
survey can benefit a landslide analysis and investigation is by determining the landslide
volume displaced outside the main body as well as to achieve a highly accurate
determination of overall slide volume and depleted mass volume. The difficulty in
calculating the volume of declared landslides arises mostly from the fact that we know
very little about the surface of the rupture, its shape or depth (Casale 1999).
The survey completed for this particular landslide was a bit complicated. Since
there was no vertical or horizontal control in the area, data including aerial photography,
USGS topography maps, and general observations, were necessary to determine the
approximate vertical elevation and horizontal location. This information was crucial in
determining the approximate location and elevation of this site. Ideally, a flown
topographic aerial would be the most ideal and cost effective manner if testing was
performed on a higher level. By checking the soil samples tested against the soil survey,
using site investigation compared to old aerial photography, and overlaying USGS quad
maps with existing aerial, a degree of accuracy suitable for this project was verified.
Using a Total Station, the site was surveyed by taking spot elevations along the
perimeter of the slide at an offset of 15 feet from the top of the slide. Spot elevations
were taken every 20 feet at the top and bottom of the slide and spot elevations were also
taken with the depleted mass. This information was stored in a data collector and then
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downloaded to a computer-aided drafting program call Land Development Desktop 3
(LDD).
The information surveyed was then rendered into a topographic view of the slide
using a triangulation method generated by LDD. [Appendix B, Figure B.1] By using the
perimeter spot elevations an accurate representation of the existing topography can then
be generated. [Appendix B, Figure B.2] The information created by the survey also
generates a main profile of the landslide, which starts from the toe of surface of rupture to
the crown. This information was important to determine the type of failure that had
occurred. Looking at the profile in Appendix B, Figure B.3, the existing conditions are
shown along with the profile of the landslide and glacial till below. The glacial till
profile below is an approximation that was based upon several test holes taken on the site.
From this information it is deduced that the failure plane is non-circular, which will be
beneficial when determining which type of method of slope stability method to analyze.
The second important data drawn from the survey analysis is the determination of
landslide volume. Utilizing LDD, earthwork calculations were generated by three
different methods. They consist of an average-end area method, grid method, and
composite method. The average-end area method uses cross-sections [Appendix B,
Figure B.4] generated by LDD and takes the average area of each section and multiplies
those averages by the distance between each of the two sections that are being modeled at
that time. The Grid method calculates volumes using a grid overlaid on the two surfaces
that comprise the current stratum. This method calculates the volumes by using the
prismoidal volume of all grids and summarizing. The Composite method re-triangulates
a new surface based on points from both surfaces, as well as any location where the
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triangle edges between the two surfaces cross. The command then calculates the new
composite surface elevations based on the difference in the elevations of the two surfaces.
By using all three methods above, a higher degree of accuracy can be achieved in
addition to error checking for any inconsistencies within the two stratums.
The volumes generated using these methods accurately determined the amount of
soil displaced into the foot, which was the most devastating part of the slide. The results
yielded as follows: 1) Average-end Area Method — 22,276 cu yds., 2) Grid Method (2-
foot grid analysis) — 22,271 cu. yds., 3) Composite Method — 22,274 cu. yds. [Appendix
B, Table B.1] Given these figures it was determined that the amount of soil displaced by
the landslide was equal to 22,275 cu. yds., which is equivalent to 1,485 dump truck loads.
Based on further analysis using LDD, an approximate total landslide amount of soil failed
equates to 29,800 cu. yds. In addition, the amount of soil that subsided in the depleted
mass was approximately 7,525 cu. yds.
3.4 Soils Investigation & Testing
Soil sampling is the most important part in analyzing a landslide. By knowing the
properties of the soil strata of the landslide, a great deal of information can be obtained to
determine the triggering mechanisms of the landslide. Soil tests that are ideal to analyze
landslides are particle size analysis (sieve and hydrometer), Atterberg limits, specific
gravity, moisture content, permeability, and triaxial shear test. However, the equipment
was not available to take an undisturbed soil sample, an accurate permeability test and a
triaxial shear test were not able to be performed. Therefore, testing the soil samples grain
size and plasticity is necessary to classify the soil. By obtaining an accurate classification
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of the soil samples, a permeability range and angle of internal friction range can be
obtained from typical values of those types of soil. Classifying the soil also helps back
check the nuclear density meter readings that were taken in the field with general values
that are normal obtained in the field.
The samples that were taken during the field investigation and the samples that
were obtained from the day of the slide were all tested for particle size analysis (sieve and
hydrometer). Moisture content was taken on all three samples the day of the landslide.
However, they do not portray the actual moisture content that occurred the day of the
landslide, because the samples were tested several months after the landslide. Specific
gravity tests were also taken on the three samples from the day of the slide. Atterberg
limits were also performed on the samples.
Seven samples were taken from the landslide. Samples 1A, 1B, and 1C were all
taken at the toe of landslide at a depth of 12 inches. Samples S-1, S-2, S-3, and S-4 were
all sampled inside the slide at depths of 3 feet, 1.5 feet, 8 feet, and 14 feet respectively.
Samples S-1, S-2, and S-3 were all sampled from the right flank of the slide. Sample S-4
was taken approximately from the middle of the depleted mass of the landslide.
All samples were tested following the Annual Book of ASTM Standards 2000.
Utilizing the ASTM standards, the following lab results can be seen in Appendix C.
Atterberg Limits were run on only two samples, which were S-2 and S-4. The limits
yield neither a Liquid Limit, nor a Plastic Limit which would classify all soils sampled as
non-cohesive soils. Specific gravity tests were also run on samples 1A, 1B, and 1C,
which all yielded the same result of 2.68-2.69. Sieve analysis and hydrometer analysis
were both performed on all of the samples, which all produced similar results. [Appendix
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C, Grain Size Overlay] Therefore, the same specific gravity values were used on all
samples.
An observation based on the grain size overlay graph is the three samples taken
from the toe were taken at shallow depths, and the grain sizes of those samples were
much coarser, approximately 6-10% coarser, compared to the other in-situ samples taken
within the landslide. One can hypothesize that as the soil traveled down the slope the
finer particles segregated from the coarser particles.
Based on the soil samples taken, samples 1A, 1B, 1C, S-1, S-2, and S-3 are all the
same type of soil within range which indicates that the first 14 feet of soil is homogenous.
The soil samples had gravel content between 5 and 12 percent, a coarse sand content
between 4 and 5 percent, a medium sand content between 12 to 15 percent, a fine sand
content between 30 and 31 percent, and a fine content between 37 to 48 percent. Using
these numbers and ATSM Code D2488, a soil classification is made using the Unified
Classification System. Since the amount of fines is less than 50 percent, the soil is
considered a coarse grained soil. The next step was to determine whether the coarse grain
material is a gravelly or sandy soil. Since all of the samples had a larger amount of fines
than one-half the coarse material it is considered a sandy soil. Based upon this
conclusion, ASTM requires the use of the bottom half of Figure 3.11. [ASTM 2000]
Since there is greater than 15 percent fines and the fines are equivalent to a ML or MH
(Non-plastic soil) and less then 15 percent gravel, the classification for all of the above
samples would be SM — Silty Sand.
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As for sample S-4, which from the site investigation seemed to be a different type
of soil, is actually a different type of soil, but in particle size there is not much of a
difference except in gravel. Sample S-4 contained 22 percent gravel, 5 percent coarse
sand, 12 percent medium sand, 23 percent fine sand, and 37 percent fines. Based on that
data for the glacial till layer, the soil classification is SM- Silty sand with gravel.
Taking this information obtained from the grain size analyses, can also be applied
to the U.S. Department of Agriculture textural classification [Figure 3.12]. The triangle
is generally used for classification, which in this landslides case the soil would be
classified as a sandy loam. However this figure depicts other debris and earth flows that
have occurred in similar types of rainfall events that have occurred in the San Francisco
Bay Region. The results, although thousands of miles away yielded similar soil
characteristics to the Sparta, New Jersey Landslide, which is another indication that other
areas in the New Jersey area with similar soil may be prone to slope failure.
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Comparing the field data results to typical values obtained for general soil types is
an excellent way to back check results. Table 3.2 illustrates typical unit weights of soil
both above and below the groundwater table. Using the soil classification of silty sand
and silty sand with gravel, unit weights of 110 lb./ft. 3 and 130 lb./ft. 3 respectively, and
above the groundwater table in comparison to Table 3.2, the results fall in the range of a
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typical silty sand. Although permeability tests and triaxial were not performed for this
thesis, using typical properties for this type of soil will lend a general range of values
which will be adequate for slope stability analyses.
Table 3.2 Typical Unit Weights of Soils (Coduto 1994)
Permeability between the two layers can be deduced based on the dry unit soil
weight. Referring back to the soil survey of Sussex County, which stated that the soils
near the surface experience moderate permeability whereas the soil that is located in the
fragipan area, which would be the silty sand with gravel, would experience very poor
permeability. The in-situ results of the nuclear density readings correlate with the soil
survey of Sussex County quite well. Since the soils are very similar and the unit weights
differ by 20 lb./ft. 3 , a void ratio difference is apparent which directly correlates to
permeability.
Figure 3.13 Conditions of strength characteristics for granular soils (U.S. Naval 1986).
The other information that is important to slope stability is the angle of internal
friction. Since a triaxial test could not be performed, a range of friction angles were
determined based upon the soil type [Figure 3.131 Based upon of soil type of SM, the
internal friction angle will typically fall between 26 to 41 degrees. Therefore 26, 30 and
35 degrees will be used in the slope stability analysis, which is discussed in Chapter 4, to
determine the pore pressure developed in the upper soil strata. These values used tend to
represent a realistic in-situ condition. Using the above information along with the
theories based on the soil strata, a slope stability analysis can be performed.
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3.5 Landslide Background & Classification
Landslides are a general term that is defined as "the movement of a mass of rock, debris
or earth down a slope" (Cruden 1991). However in 1978, Varnes created a criteria,
which would expand upon the definition of a landslide by breaking them down into
classifications. The classification emphasizes the type of movement and type of material
(Landslides 1996). Table 3.3, shown below, is the abbreviated classification of slope
movements that Varnes created.
Table 3.3 Abbreviated Classifications of Slope Movements (Landslides 1996)
Using this type of classification provides more than just a name, the classification
defines how the soil moved and what type of material moved. The first step to
classifying a slide is to determine the material, which is as follows: 1) Rock, 2) Earth, and
3) Debris. The second step to classifying a slide is to determine the type of movement.
There are five types of movement and are as follows: 1) Fall, 2) Topple, 3) Slide, 4)
Spread, and 5) Flow.
Rock is considered a hard or firm mass that was intact and in its natural place
before the initiation of movement (Landslides 1996). Soil is divided into earth and
debris. Earth describes material in which 80 percent or more of the particles are smaller
than 2mm, the upper limit of sand-size particles recognized by most geologists (Bates and
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Jackson 1987). Debris contains a significant proportion of coarse material; 20 to 80
percent of the particles are larger than 2mm, and the remainders are less than 2mm
(Landslides 1996).
Modes of movement start off with a fall. A fall starts with a detachment of soil or
rock from a steep slope along a surface on which little or no shear displacement takes
place (Landslides 1996). A topple is a rotational failure that peels away from the existing
slope. A slide is a dommslope movement of a soil or rock mass occurring dominantly on
surfaces of rupture or on relatively thin zones of intense shear strain (Landslides 1996).
The term spread is an extension of a cohesive soil or rock mass combined with a general
subsidence of the fractured mass of cohesive material into softer underlying material
(Landslides 1996). Finally, a flow is defined as a spatially continuous movement in
which surfaces of shear are short-lived, closely spaced and usually not preserved.
Using Varnes's criteria and applying the relevant information for this landslide,
the landslide classification is an earth flow. A more specific type of flow that existed
would be a channelized flow. A debris flow is often of high density, with over 80 percent
solids by weight, and may exceed the density of wet concrete (Hutchinson 1988). Soils
on steep slopes unprotected by vegetation are prone to debris flows (Landslides 1996).
Flow movements may be in pulses, presumably caused by periodic mobilization of
material or by formation and bursting of dams of debris in the channel (Landslides 1996).
A general guide in determining the type of landslide is provided in Figure 3.14. It is
quite useful in predicting types of landslides in certain terrain and slopes. This particular
landslide had a slope gradient of approximately 10 degrees which coincides with the
original classification of earth flow.
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Figure 3.14 Lower limit of slope gradients vs. types of landslides (Sidle 1985).
Another important factor in landslides is the velocity. Landslides with quick
velocities, between 1.8 m/hr to 5 m/sec+, are normally based upon eye witness reports.
According to eye witnesses the day of this slide, a few people stated that the slide moved
quickly but slow enough that a human being could outrun the landslide. Using Figure
3.15, based upon eye witness accounts, the landslide would be classified as a very rapid
landslide, which would make the slide a category 6 out of a possible 7. A category 6 is
defined as some lives lost; velocity to permit all persons to escape. Therefore, in the
event that construction had been completed for homes downslope of the landslide, there
may have been some lives lost.
Figure 3.15 Proposed landslide velocity scale (Landslides 1996).
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3.6 Discussion of Results
The information in this section lends great insight into the background of the site, the
type of landslide, and the determination of the probable triggering mechanisms of the
landslide. Like most geotechnical projects, unknomms to the project are inevitable and
must be theorized on known data.
Within this project, unknomms such as the angle of internal friction and
permeability could only be deduced from existing data. However, there is enough
supporting data to authenticate the hypothesis herein.
The theory of this landslide is based upon the geotechnical and hydrological data
generated and hypothesized. Based on this information, the landslide that occurred was
created by an extreme rainfall event, which precipitated 14.1 inches of rain in a 24-hour
period over a drainage area tributary to the landslide of 8.32 acres. The intense amount
of rainfall inundated an area that was heavily wooded and littered with rock outcrops,
along with a smaller area dommslope, which was only covered by brush and contained no
root reinforcement. Due to little or no permeability upsiope of the brush area, a much
smaller area experienced an intense soil saturation.
The intense soil saturation created pore pressures in the soil strata below. Rainfall
which now turns into groundwater is traveling domm and along with the natural gradient.
This is believed to have generated considerably high access pore water pressure, above
and beyond that one would expect from surface water and seepage.
An instability point in the soil strata was reached when the resisting forces could
not support the active forces and the surface of rupture was created along the glacial till
plane where permeability was at is lowest. The toe of surface of rupture was created at
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point of where the newly constructed road was located. However without performing a
slope stability analysis on the landslide, the toe of surface of rupture could not be
attributed to the change in grade created by the new roadway. In the next section, the
final aspects of the toe of surface of rupture will be analyzed to prove whether or not the
toe of the slope was undermined by the newly constructed road.
CHAPTER 4
SLOPE STABILITY STUDY
4.1 Infmite Slope with Seepage Analysis
Analyses of slopes can be divided into two categories: those used to evaluate the stability
of slopes and those used to estimate slope movement (Landslides 1996). The slope
stability analysis, in this case, was used to determine pore pressure head based upon a
range of values for the angle of internal friction. Appendix D.1 shows all equations
for analyses, Appendix D.2 depicts solutions for soil properties and infinite slope
analyses, and Appendix D.3 shows the solutions of the slope stability equilibrium
analyses.
The void ratio of the two soil strata was determined based upon the dry unit
weight calculated by the nuclear density meter and the specific gravity of the soil which
was determined from laboratory results. The information yielded void ratios of 0.526 and
0.291 respectively, for the silty sand strata and the glacial till. Using the Kozeny-Carman
[Appendix D.1] empirical formula for permeability, a ratio can be established since a
known permeability for strata can not be determined. The permeability ratio established
is based on the premise that the two soil layers have essentially the same grain size
characteristics. From the Kozeny-Carman equation, the permeability ratio between the
two soil strata is approximately 5 to 1, which demonstrates that the upper soil strata's
permeability is 5 times more rapid then the lower glacial till strata [Appendix D.2].
Based on the void ratios obtained, a saturated unit weight was obtained for the
two soil strata. The saturated unit weight of the silty sand and glacial till were 131.5
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lb/ft3 and 144.1 lb/ft3 . This information was used to equate, using the infinite slope
stability with seepage analysis and the angle of internal friction based upon a factor of
safety of 1, which yielded a result just as failure would have occurred. Since the soil is a
saturated cohesionless soil, such as a gravel, sand, and non-plastic silts, they have a stress
failure envelope that passes through the origin, which will equate cohesion to zero
(Landslides 1996). The value of the angle of internal friction, (I), ranges from 27 to 45
degrees, more or less and depends on several factors (Landslides 1996). However, three
analyses were computed using angles of internal friction of 26, 30, and 35 degrees, which
is more representative range for this soil.
The infinite slope stability with seepage analysis takes into account the pore
pressures that are created normally by runoff or groundwater tables along a slope that is
infinite in length. Based on the premise of failure occurring when the factor of safety is
equivalent to one and the angles of internal friction used for each analysis were 26, 30,
and 35 degrees, the height of water from these analyses yielded heads of 18.9 ft., 20.6 ft.,
and 22.2 ft. respectively [Appendix D.2].
Stresses on the soil were also computed for each variation of pore pressure, which
was based on the results of the infinite slope with seepage analyses. The pore pressure,
effective stress, and total stress of the three scenarios are as follows:
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4.2 Wedge-Plane Force Equilibrium Analysis
The wedge-plane force equilibrium analysis applies to a finite slope which consists of a
three wedge system, where the forces of the active wedge and central wedge must be less
than the forces of the passive wedge in order to insure slope stability. Those forces are
composed of the weight of the wedge and the pore pressures of the wedge. The analyses
consisted of six different conditions, which can be seen in Appendix D.3.
Conditions one, three, and five were analyzed to obtain the height of water
without the new roadway cut utilizing angles of internal friction which were 26, 30, and
35 degrees. Conditions two, four, and six used the angle of internal friction that was used
in conditions one, three, and five respectively, except these conditions have a modified
weight of the passive wedge to simulate the new roadway cut to obtain a factor of safety
based on the roadway cut and a modified angle of internal friction.
The results of condition one, three, and five yielded a height of water of 18.73 ft,
20.49 ft., and 22.18 ft. Conditions two, four, and six resulted in a slight change in the
angles of internal friction which were 25.95, 29.86, and 34.65 degrees, and also
demonstrated the roadway cut analyses had a factor of safety of one.
4.3 Discussion of Results
The results of the infinite slope with seepage analyses and the wedge-plane force
equilibrium analyses yielded, demonstrated how extreme pore pressures were the
triggering factor which caused failure. When rapid infiltration of rainfall occurs, such as
this landslide, it causes soil saturations and a temporary rise in pore water pressure which
ultimately causes a shallow landslide (Landslides 1996). The results illustrated within
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this chapter support this statement by showing that extreme pore pressures developed
during this landslide event. These high pore pressures along with the abrupt change in
permeability between the two soil strata cause the silty sand layer to fail.
The wedge-plane equilibrium analyses performed illustrates that the factor of
safety on the new roadway construction is so close to the analyses with no roadway
construction. Therefore the roadway cut had no triggering mechanisms leading to the
slope instability. Using the same angles of internal friction from the infinite slope
stability analysis and the shear failure law in a saturated soil the ultimate shear strength
range was approximately 900 lb/ft2 to 1290 lb/ft2 [Appendix D.2].
An infinite slope without seepage analysis was performed using an average moist
unit weight of silty soil of 120 lb/ft3 and an angle of internal friction of 35 degrees. This
analysis was performed to determine an approximate existing factor of safety during
normal conditions. The results yielded a factor of safety of 4.0, which demonstrates that
the soil conditions existed on a safe gradient.
CHAPTER 5
CONCLUSION
The information and data compiled within this thesis was used to determine the type of
landslide and the triggering mechanism that ultimately caused the failure of the slope.
The hydrological, geological/geotechnical and slope stability study all were important
aspects of the study that were necessary in determining a hypothesis for slope failure.
Based on the storm data, which produced a storm event of approximately a 1000-
year storm, was determined using the New Jersey Rainfall Intensity curve [Appendix A,
Figure A.1]. The rainfall data and hydrological study were enough evidence to reveal
that the 14.1 inches of rainfall was the sole cause of the landslide. The analyses on the
slope instability which took the road cut into account clearly demonstrate that there was
no adverse affects from the road cut.
The main triggering mechanism was determined to be extreme pore-water
pressures created by the rainfall event. This was deduced by the analyses performed in
Chapter 4. The surface of rupture was caused by a significant difference in the
permeability between the two soil strata. This was deduced by obtaining soil property
data from the tested soil sample, and using the information to correlate a ratio of
permeability between the two layers to help support the hypothesis.
The classification of the landslide was determined by the use of the field
investigations and soil testing for particle size distribution. Based upon that information,
the landslide is classified as an earth flow.
In cases such as these, ways of alleviating a potential landslide is an important
task. Underground drainage in areas of large seep zones and areas that incorporate large
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drainage areas should be supplied to stop the cause of completely saturating a soil area.
In areas that are know to have soils that may be a potential landslide zone, large root
reinforcing trees may be planted or removal of soil and installing a retaining wall with tie
backs may be key. However without thoroughly investigating sites on steeper terrain,
which have future human development, landslides can always occur and can be life
threatening.
The insight that can be obtained through this paper can aid greatly in developing
land in steeper terrain. In the northern New Jersey area, development has been reduced
to building on much more challenging pieces of land. In areas of steeper terrain such as
this site, more caution should be put forth when developing in these areas. Although the
rainfall event that occurred on August 12, 2000 was a most unlikely rainfall, it should be
an eye opener to tomms and counties in the state of New Jersey to adopt more stringent
geotechnical designs in order to ensure that upon completion of development accidents in
these areas do not occur.
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APPENDIX A
HYDROLOGICAL STUDY DATA
This appendix depicts the tables and figures necessary to analyze the storm event that
occurred on August 12, 2000. Following those tables and figures is the tabulated results
of the storm event.
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Figure A.1 Rainfall intensity curve, New Jersey (NJDCA 1999).
Runoff curve numbers. (Courtesy of Soil Conservation Service, Technical
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Release 55.)
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Table A.2 Coefficients (Antecedent Moisture Condition) AMCII (Gribbin 1997)
N.J.A.C. 521-7.4
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APPENDIX B
SURVEY & VOLUMETRIC DATA
This appendix contains the topographic survey of the landslide. This information shows
the existing and proposed topography, a centerline profile, and 50 foot cross sections of
the landslide area. This information was then used to generate the overall volume of the
landslide which is also included herein.
O
OFigure B.1 Topographic survey of Sparta Mountain landslide.
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Figure B.3 Centerline profile of landslide.
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Figure B.4 Cross Sections at 50 feet stations of landslide.
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APPENDIX C
SOILS TESTING DATA
This appendix contains all soil laboratory data obtained for each field soil sample. The
tests that were performed were grain size analysis (sieve and hydrometer analysis),
specific gravity, and moisture content. This information was then used to generate
individual grain size charts as well as an overall grain size overlay.
Table C.1 Soil Sample Data 1A
Grain Size Data Sheet
Project 	 Sparta Landslide 	 Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	Boring No. 	 - 	 Sample No. 	 1A 
Description of Soil	 Brown Silty Sand 	 Depth of Sample	 12"
Tested by 	 James Talerico 	Date of Testing 	 3/27f2001 
Mass of Dry Sample + Dish
	
414.4
Mass of Dish
	
107.2
Mass of Dry Sample	 307.2
Sieve No.
Sieve/Bowl Mass
(g) Diem. (mm) Total Mass Mass retained % retained % passing
4 355.2 4.75 390.9 35.7 11.62% 88.38%
10 355.2 2.00 371.7 16.5 5.37% 83.01%
20 373.7 0.840 395.4 21.7 7.06% 75.94%
40 572.0 0.425 596.0 24.0 7.81% 68.13%
60 553.3 0.250 582.5 29.2 9.51% 58.63%
140 474.9 0.150 522.9 48.0 15.63% 43.00%
200 512.0 0.075 529.6 17.6 5.73% 37.27%
Pan 9.2 - 121.6 112.4 - -
Percent Accuracy=	 99.31%
= 305.    
Do= 	 0.27 
Dm= 	 0.04 
D10= 	 0.004
Cie 	 67.50
C 0=	 1A8     
Table C.1 Soil Sample Data 1 A (continued)
Hydrometer Data Sheet
Project
Location of Project
Description of Soil
Tested by  
Sparta Landslide
Sparta, New Jersey Rt. 517 
Brown Silty Sand
James Talexico
Job No.
	 Sample No. 	 1A 
	
Depth of Sample 	 12"
Date of Testing 	 412/2001 
General Data: Hydrometer Type 	 152H
Dispersing Agent 	 NaP03(Calgon)
Zero Corection= 	 8.0 	 Meniscus= 	 1.0
Amount Used 	 4% le, 125raL
Date
Time of
Reading
Elapsed
time, min Temp., *C
Actual
Hyd.
Reading,
R,
Corr. Hyd.Reading
RG
Act. %
Finer
Adj. %
Finer
Hyd. Corr.
Only for
Meniscus, R
L from
Table 6-5 Lit
K from
Table 6-4 D, rum
2-Apr-01 10:00 AM 0 22 - - - - - - - - -
2 22 42.5 34.9 69.24% 2521% 43.5 9.2 4.6 0.01314 0.028182
4 22 38.5 30.9 61.31% 22.85% 39.5 9.9 2.475 0.01314 0.020672
8 22 34.5 26.9 53.37% 19.89% 35.5 10.4 1.3 0.01314 0.014982
16 22 31 23.4 26.43% 17.30% 32 10.9 0.68125 0.01314 0.010845
30 22 28 20.4 20.47% 15.09% 29 11.4 0.38 0.01314 0.0081
60 22 25 17.4 34.52% 12.87% 26 11.9 0.198333 0.01314  0.005852
125 22 21 13.4 26.59% 9.91% 22 12.5 0.1 0.01314 0.004155
330 22 18.5 10.9 21.63% 8.06% 19.5 13 0.039394 0.01314 0.002608
990 22 16.5 8.9 17.66% 6.58% 17.5 13.3 0.013434 0.01314 0.001523
3-Apr-01 10:00 AM 1410 22 15 7.4 14.68% 5.47% 16 13.5 0.009574 0.01314 0.001286
2-Apr-01 10:00 AM 2850 22 13.5 5.9 11.71% 4.36%  14.5 13.8 0.002842 0.01314 0.000914
Boring No.
Mass soil (wet, dry)= 	 50 	 g
CI @ 22*C= 	 0.4
w (if air-dry)= 	 %
% Finer = 37.27% 	 Control Sieve no. 	 200
G, of Solids= 
	2.69 	CF a = 	 0.992
Table C.1 Soil Sample Data 1 A (continued)
Specific Gravity Data Sheet
Project
Location of Project
Description of Soil
Tested by
Sparta Landslide 
	 Job No.
Sparta, New Jersey Rt. 517 	Boring No. 
	 Sample No. 	 1A
BrownSilty Sand 
	 Depth of Sample 	 12"
James Talerico 
	Date of Testing 	 3128/2001 
Test no. 1 2
Vol. Of Flask @ 20 °C 500 ml.. 500 nib
Method of air removal Vacuum Vacuum
Mass flask + water + soil = Ms,,, 744.95 743.89
Temperature, °C 24° 23*
Mass flask + water = MI,„ 681.79 681.79
Mass dish + diysoil 455.87 454.91
Mass of Dish 355.7 355.7
Mass of dry soil =1V 100.17 99.21
Mw =1V  + Kw- Moms 37.01 37.11
a = rl/r2o*c 0.9991 0.9993
G, = a M,1M,,,, 2.70 2.67
Average specific gravity of soil solids (G ,) =
	 2.69
Table C.1 Soil Sample Data lA (continued)
Moisture Content Data Sheet
Project
bocation of Project
Description of Soil
Tested by
Sparta Landslide 	 Job No.
Sparta, New Jersey Rt. 517 	 Boring No. 	 - 	 Sample No. 1A 
Brown Silty Sand 	 Depth of Sample 	 12"
James Talerco 	 Date of Testing 312/2001
Sample No. 1A 1A
Container No. 1A-1 1A-2
Mass of cup + wet soil 107.58 105.12
Mass of cup + dry soil 95.47 93.51
Mass of cup 36.88 37.21
Mass of Dry Soil, 14 58.59 56.3
Mass of Water, M„,, 12.11 11.61
Water Content, w % 20.67% 20.62%
Average Moisture Content, w „L.% = 20.65%
1.0000 	 0.1000 	 0.0100
Pardcle Diameter, Ill
—0-Soil lÀ
Figure C.1 Grain size chart sample 1A.
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
10.0000 0.00010.0010
Mass of Dry Sample + Dish 262.9 
Mass of Dish 103.0  
Mass of Dry Sample 359.9
Table C.2 Soil Sample Data 1B
Grain Size Data Sheet
Project 	 Sparta Landslide 	 Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	Boring No. 	 - 	 Sample No. 	 1B 
Description of Soil	 Brown Silty Sand 	 Depth of Sample 	 12"
Tested by	 James Talenco 	 Date of Testing 	 3/2812001 
Sieve No.
Sieve/Bowl Mass
(g) Diem. (mm) Total Mass Mass retained % retained % passing
4 755.8 4.75 784.4 28.6 7.95% 92.05%
10 435.8 2.00 456.2 20.2 5.67% 86.39%
20 373.8 0.840 399.6 25.8 7.17% 79.22%
40 571.8 0.425 600.6 28.8 8.00% 71.21%
60 553.4 0.250 587.3 33.9 9.42% 61.79%
120 474.9 0.150 533.8 58.9 16.37% 45.43%
200 512.1 0.075 533.2 21.1 5.86% 39.57%
Pan 9.1 - 128.33  139.23 - -
Percent Accuracy= 	 99.12%
5= 356.73    
Do = 	 0.24
D3 0 =	 0.038
D10 =	 0.004
CA  60.00
CG=	 1.50  
Table C.2 Soil Sample Data 1B (continued)
Hydrometer Data Sheet
Project 	 Sparta Landslide 	 Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	Boring No. 	 - 	 Sample No. 	 1B 
Description of Soil 	 Brown Silty Sand 	 Depth of Sample 	 12"
Tested by 	 James Talerico 	 Date of Testing 	 41212001 
General Data: Hydrometer Type 	 152H	 Zero Corection= 	 8.0 	 Meniscus= 	 1.0 
	
Dispersing Agent 	 NaPO3 (Calgon) 	 Amount Used 	 4% & 125mL 
	
G, of Solids= 	2.69 	CF a =	 0.992	 w (if air-dry)=	 %
Mass soil (wet, dry)= 	 50 	 g	 % Finer =  39.57%	 Control Sieve no. 	 200 
Cry@ 22*C=	0.4
Date
Time of
Reading
Elapsed
time, nun Temp., *C
Actual
Hyd.
Reading, R ..Reading,
Con. Hyd.
R ,
Act. %
Finer Adj. % Finer
Hyd. Con.
Only for
Meniscus,
R
L from
Table 6-5 Lit
K from
Table 6-4 D, ram
412/2001 10:26 AM 0 22 - - - - - - - - -
2 22 41.5 33.9 67.26% 26.61% 42.5 9.3 4.65 0.01314 0.028335
4 22 38 30.4 60.31% 23.86% 39 9.9 2.475 0.01314 0.020672
8 22 34.5 26.9 53.37% 21.12% 35.5 10.4 1.3 0.01314 0.014982
16 22 29.5 21.9 43.45% 17.19% 30.5 11.3 0.70625 0.01314 0.011043
30 22 26.5 18.9 37.50% 14.84% 27.5 11.8 0.393333 0.01314 0.008241
60 22 24 16.4 32.54% 12.87% 25 12.2 0.203333 0.01314 0.005925
125 22 20.5 12.9 25.59% 10.13% 21.5 12.8 0.1024 0.01314 0.004205
330 22 17.5 9.9 19.64% 7.77% 18.5 13.25 0.020152 0.01314 0.002633
990 22 16 8.4 16.67% 6.59% 17 13.5 0.013636 0.01312 0.001534
4/312001 10:26 AM 1410 22 14.5 6.9 13.69% 5.42% 15.5 13.75 0.009752 0.01314 0.001298
41412001 10:26 AM 2850 22 14 6.4 12.70% 5.02% 15 13.8 0.002842 0.01312 0.000914
Table C.2 Soil Sample Data 1B (continued)
Specific Gravity Data Sheet
Project
Location of Project
Description of Soil
Tested by
Sparta Landslide 	 Job No.
Sparta, New Jersey Rt. 517 	 Boling No. 	 Sample No. 	 1B
Brown Silty Sand 	 Depth of Sample 	 12"
James Talezico 	Date of Testing 
	 41512001 
Test no.	 - 1 2
Vol. Of Flask (20 *C 500 rag 500 raga
Method of air removal Vacuum Vacuum
Mass flask + water + soil = M 787.42 785.01
Temperature, "C 23' 24*
Mass flask + water = Mb. 681.79 681.79
Mass dish + dmysoil 502.93 498.87
Mass of Dish 334.9 334.9
Mass of dry soil =M 168.03 163.97	 I
Mw = Ms
 + Kw- Maws 62.4 60.75
a = rtir2o'c 0.99935 0.9991
G, = a 1101,11V1,„ 2.69 2.70
Average specific gravity of soil solids (0 ,) =	 2.69
Table C.2 Soil Sample Data 1B (continued)
Moisture Content Data Sheet
Project
gocation of Project
Description of Soil
Tested by  
Sparta Landslide 	 Job No.
Sparta, New Jersey Rt. 517 	Boring No. 	 - 	 Sample No. 	 13 
Brown Silty Sand 	 Depth of Sample 	 12"
3/612001James Talenco
	
Date of Testing
Sample No. 13 13
Container No. 13-1 13-2
Mass of cup + wet soil 118.64 137.21
Mass of cup + dry soil 104.73 11926
Mass of cup 36.88 37.2
Mass of Dry Soil, DA 67.85 82.66
Mass of Water, IV„ 13.91 17.35
Water Content, w % 20.50% 20.99%
Average Moisture Content, w .% =	 20.75%
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
A. 	
0.00%
10.00000 1.00000 0.00100
	1
0.10000 	 0.01000
Particle Diameter, DI
—4,-- Soil 1B
Figure C.2 Grain size chart sample 113.
0.00010
Table C.3 Soil Sample Data 1C
Grain Size Data Sheet
Project 	 Sparta Landslide 	 Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	Boring No. 	 - 	 Sample No. 	 1C 
Description of Soil 	 Brown Silty Sand 	 Depth of Sample 	 12"
Tested by 	 James Talerico 	Date of Testing 	 3/3012001 
Mass of Dry Sample + Dish
	
444.8
Mass of Dish
	
102.6
Mass of Dry Sample	 342.2
Sieve No.
Sieve/Bowl Mass
(g) Diem. (mm) Total Mass Mass retained % retained
r
 % passing
4 753.1 4.75 777.2 24.1 7.04% 92.96%
10 7032 2.00 722.6 182 5.49% 87.26%
20 368.5 0.820 394.1 25.6 7.48% 79.98%
20 564.1 0.425 592.6 28.5 8.33% 71.65%
60 531.6 0.250 564.5 32.9 9.61% ' 62.04%
120 474.3 0.150 531.2 56.9 16.63% 45.41%
200 508.1 0.075 527.5 19.4 5.67% 39.74%
Pan 9.3 - 124.3 135 -  -
=
Percent Accuracy= 	 99.71%
Do= 	 0.23 
	 C„.=  20.35
Dad= 	0.037 
	 C.= 	 1.04
D10 = 	 0.0057 
Table C.3 Soil Sample Data 1C (continued)
Hydrometer Data Sheet
Project 	 Sparta Landslide 	Job No. 	
Location of Project 	 Sparta, New Jersey Rt. 517 	 Boring No. 	 Sample No. 	 1C 
Description of Soil 	 Brown Silty Sand 	 Depth of Sample 	 12"
Tested by 
	 James Talerico 	 Date of Testing 	 4/2/2001 
General Data: Hydrometer Type 	 152H
	 Zero Correction= 	 8.0 	Meniscus 	 1.0
	
Dispersing Agent NaP03(Calgon) 	 Amount Used 	 4% & 125mL
	
G, of Solids= 	 2.68 	 CF a = 	 0.994 	 w (if air-dry).= 	 °/0
	Mass soil (wet, dry)= 	 50 	 g
C2 t  22*C= 	 0.4
Date
Time of
Reading
Elapsed
time, min Temp., °C
Actual
Hyd.
Reading, R,
Corr. Hyd.
Reading, R .
Act. %
Finer
Adj. %
Finer
Hyd. Corr.
Only for
Meniscus,
R
g from
Table 6-5 Lit
IC from
Table 6-4 D, mm
2-Apr 11:02 AM 0 22 - - - - - - - - -
2 22 41.5 33.9 67.39% 26.78% 42.5 9.3 4.65 0.01318 0.028421
4 22 36 28.4 56.46% 22.44% 37 10.2 2.55 0.01318 0.021047
8 22 31.5 23.9 47.51% 18.88% 32.5 11 1.375 0.01318 0.015455
16 22 27.5 19.9 39.56% 15.72% 28.5 11.6 0.725 0.01318 0.011222
30 22 24 16.4 32.60% 12.96% 25 12.2 0.406667 0.01318 0.008205
60 22 21 13.4 26.64% 10.59% 22 12.7 0.211667 0.01318 0.006064
125 22 18 10.4 20.68% 8.22% 19 13.2 0.1056 0.01318 0.004283
330 22 15.5 7.9 15.71% 6.24% 16.5 13.6 0.041212 0.01318 0.002676
990 22 14 6.4 12.72% 5.06% 15 13.8 0.013939 0.01318 0.001556
3-Apr 11:02 AM 1410 22 13 5.4 10.74% 4.27% 14 14 0.009929 0.01318 0.001313
2-Apr 11:02 AM 2850 22 12 4.4 8.75% 3.28% 13 14.2 0.004982 0.01318 0.00093
% Filter = 	 39.74%
	
Control Sieve no. 	 200
Table C.3 Soil Sample Data 1C (continued)
Specific Gravity Data Sheet
Project
Location of Project
Description of Soil
Tested by
Sparta Landslide 	 Job No.
Sparta, New Jersey Rt. 517 	 Boring No. 	 - 	 Sample No. 	 1C 
Brown Silty Sand 	 Depth of Sample 	 12"
James Talerico 	 Date of Testing 	 3(2812001 
Test no. 1 2
Vol. Of Flask @ 20 •C 500 Bab 500 rriL
Method of air removal Vacuum Vacuum
Mess flask + water + soil = Mb. 800.23 798.07
Temperature, *C 23* 24°
Mass flask + water = M,,,, 681.79 681.79
Mess dish + diysoil 528.9 547.38
Mass of Dish 361 361
Mass of dry soil =1A 187.9 186.38	 I
Mw =111  + Mime - Mb., 69.26 70.1
a = r iir2ese 0.99935 0.9991
G, = a M/M.„ 2.70 2.66
Average specific gravity of soil solids (G ,) =	 2.68
Table C.3 Soil Sample Data 1C (continued)
Moisture Content Data Sheet
Project 	 Sparta Landslide 	 Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	 Boring No. 	 Sample No. 	 1C 
Description of Soil 	 Brown Silty Sand 	 Depth of Sample 	 12"
Tested by 	 James Talerico 	Date of Testing 	 3/6f2001 
Sample No. 1C 1C
Container No. 1C-1 1C-2
Mass of cup + wet soil 87.73 88.15
Mass of cup + dry soil 79.65 80.13
Mass of cup 37.23 36.74
Mass of Dry Soil, M, 42.42 43.39
Mass of Water, M„ 8.08 8.02
Water Content, w % 19.05% 18.28%
Average Moisture Content, w Jo = 	 18.77%
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
10.0000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            1.0000 	 0.1000 	 0.0100
Particle Dishmeter,       
0.0010       0.0001
—0—Soil IC
Figure C.3 Grain size chart sample 1C.
Table C.4 Soil Sample Data S-1
Grain Size Data Sheet
Project 	 Sparta Landslide 
Location of Project 	 Sparta, New Jersey Rt. 517 	 Boring No.
Description of Soil 	 Brown Silty Sand - Side Slope 
Tested by 	 James Talezico 	 Date of Testing
Mass of Dry Sample + Dish
	
818 
Mass of Dish
	
386.8
Mass of Dry Sample 	 431.2
Job No.
- 	Sample No. 	 S-1
Depth of Sample 	 3' 
3/23)2001
Sieve No.
Sieve/Bowl Mass
(g) Diam. (mm) Total Mass Mass retained % retained % passing
4 755.8 4.75 783.7 27.9 6.47% 93.53%
10 435.6 2.00 455.1 19.5 4.52% 89.01%
20 373.6 0.820 201.8 28.2 6.54% 82.47%
40 571.8 0.425 604.5 32.7 7.58% 7428%
60 553.3 0.250 5932 20.5 9.39% 65.49%
120 475 0.150 551 76 17.63% 47.87%
200 512 0.075 541.4 29.4 6 .82% 41.05%
Pan 388.3 - 564.6 176.3 -
-
Percent Accuracy= 	 9924%
= 430.5    
Do= 	 0.22 
D30= 	0.035 
D10= 	 0.0034 
C if-- 	 64.71
C.= 	 1.64
Table C.4 Soil Sample Data S-1 (continued)
Hydrometer Data Sheet
Project 	Sparta Landslide 	Job No.
Location of Project 	Sparta, New Jersey. Rt. 517 	Boring No. 	- 	Sample No. 	S-1
Description of Soil 	Brown Silty Sand - Side Slope 	Depth of Sample 	3' 
Tested by 	James Talerico 	Date of Testing 	3t2312001 
General Data: Hydrometer Type 	152H Zero Correction= 	 9.0 	 Meniscus 	 1.0    
	
Dispersing Agent 	NaP03(CalFin) 	Amount Used 	4% & 125mL 
	0, of Solids= 	2.69 	CF a = 	 0.992 	w (if air-dry) .= 	 %
	
Mass soil (wet, dry)= 	50 	g	 % Finer = 	41.05% 	Control Sieve no. 	200
	 Cry@ 22.5*C= 	 0.55
	C I @ 24*C= 	1.00
Date
Time of
Reading
Elapsed
time, min Temp., *C
Actual
Hyd.
Reading, R,Itzading,
Corr. Hyd.
R .
Act. %
Finer
Adj. %
Finer
Hyd. Corr.
Only for
Meniscus,
R
g from
Table 6-5 Lit
K from
Table 6-4 D, mm
22-Apr 2:03 PM 0 22.5 - - - - - - - - -
2 22.5 42 33.6 66.56% 27.32% 43 9.3 4.65 0.01318 0.028421
4 22.5 38 29.6 58.63% 24.07% 39 10.2 2.55 0.01318 0.021047
8 22.5 35 26.6 52.68% 21.62% 36 11 1.375 0.01318 0.015455
16 22.5 32 23.6 26.72% 19.18% 33 11.6 0.725 0.01318 0.011222
30 22.5 29.5 21.1 41.76% 17.14% 30.5 12.2 0.406667 0.01318 0.008405
60 22.5 26 17.6 34.82% 14.29% 27 12.7 0.211667 0.01318 0.006064
125 22.5 23 14.6 2827% 11.85% 24 13.2 0.1056 0.01318 0.004283
330 225 19 10.6 20.93% 859% 20 13.6 0.041212 0.01318 0.002676
1170 24 16 8 15.87% 6.52% 17 13.8 0.011795 ' 0.01318 0.001431
23-Apr 2:03 PM 1410 24 16 8 15.87% 6.52% 17 14 0.009929 0.01318 0.001313
22-Apr 2:03 PM 2850 24 15 7 13.89% 5.70% 16 14.2 0.004982 0.01318 0.00093
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Figure C.4 Grain size chart sample S-1.
Table C.5 Soil Sample Data S-2
Grain Size Data Sheet
Project Sparta Landslide Job No.
Location of Project Sparta, New Jersey Rt. 517	 Boring No. -	 Sample No. S-2
Description of Soil Brownisliftan Silty Sand - Side Slope Depth of Sample 1.5'
Tested by 	 James Talerico	 Date of Testing 	 312312001
Mass of Dry Sample + Dish
	 767.7
Mass of Dish
	
355.6
Mass of Dry Sample	 412.1
Sieve No.
Sieve/Bowl Mass
(g) Diem. (mm) Total Mass Mass retained % retained % passing
93.70%4 471.4 4.75 289.1 17.7 4.30%
10 695.4 2.00 715.7 20.3 4.93% 90.78%
20 372.6 0.820 399.2 26.6 6.45% 84.32%
20 555.5 0.425 584.9 29.4 7.13% 77.19%
60 546.3 0.250 581.3 35 8.49% 68.70%
120 472.2 0.150 538.7 66.5 16.14% 52.56%
200 291.2 0.075 314.4 23.2 5.63% 26.93%
Pan :.: . - 579.3 191 - -
S=
Percent Accuracy= 	 99.42%
Do= 	 0.19 
	 Cif-. 	 95.00
D30= 	 0.022 
	 C.= 	 1.27
D10= 	 0.002 
Table C.5 Soil Sample Data S-2 (continued)
Hydrometer Data Sheet
Project 	Sparta Landslide 	Job No.
Location of Project 	Sparta, New Jersey Rt. 517 	Boring No. 	- 	Sample No. 	S-2
Description of Soil 	Brownishfran Silty Sand - Side Slope 	Depth of Sample 	1.5'
Tested by 	James Talerico 	Date of Testing 	3123f2001 
General Data: Hydrometer Type 	152H 	Zero Corection= 	9.0 	Meniscus 	1.0
	
Dispersing Agent 	NaP03(Calgon) 	Amount Used 	4% & 125mL 
	G, of Solids= 	2.69 	CF a =	 0.992 	 w (if air-dry)= 	 %
	
Mass soil (wet, dry)= 	50 	g	 % Finer = 	26.93% 	Control Sieve no. 	200
	
@ 22.5*C= 	 0.55 
	24*C= 	1.00 
Date
Time of
Reading
Elapsed
time, min Temp., *C
Actual
Hyd.
Reading, R.
Con. Hyd.
Reading, R.
Act. %
Finer
Adj. %
Finer
Hyd. Corr.
Only for
Meniscus,
R
L from
Table 6-5 lit
K from
Table 6-4 D, mm
22-Apr 2:07 PM 0 22.5 - - - - - - - - -
2 22.5 43 34.6 68.55% 32.17% 24 9.3 4.65 0.01318 0.028421
4 22.5 20 31.6 62.60% 29.38% 41 10.2 2.55 0.01318 0.021047
8 22.5 36 27.6 52.66% 25.65% 37 11 1.375 0.01318 0.015455
16 225 33 24.6 48.71% 22.86% 34 11.6 0.725 0.01318 0.011222
30 22.5 30 21.6 42.76% 20.07% 31 12.2 0.206667 0.01318 0.008205
60 22.5 26.5 18.1 35.81% 16.81% 27.5 12.7 0.211667 0.01318 0.006064
125 225 24 15.6 30.85% 14.48% 25 13.2 0.1056 0.01318 0.004283
330 22.5 20 11.6 22.92% 10.75% 21 13.6 0.041212 0.01318 0.002676
1170 24 18 10 19.84% 9.31% 19 13.8 0.011795 0.01318 0.001431
23-Apr 2:07 PM 1410 24 17 9 17.86% 8.38% 18 14 0.009929 0.01318 0.001313
22-Apr 2:07 PM 2850 24 15 7 13.89% 6.52% 16 14.2 0.004982 0.01318 0.00093
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Figure C.5 Grain size chart sample S-2.
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Table C.6 Soil Sample Data S -3
Grain Size Data Sheet
Project 	 Sparta Landslide 	Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	 Boring No. 	 - 	Sample No. 	 S-3
Description of Soil 	 Brownish Silty Sand - Side Slope 	 Depth of Sample 	 8' 
Tested by 	 James Talenco 	 Date of Testing 	 3123/2001 
Mass of Dry Sample + Dish
	
965.6
Mass of Dish
	
320.9
Mass of thy Sample	 624.7
Sieve No.
SievefBowl Mass
(g) Diem. (mm) Total Mass Mass retained % retained % passing
4 753.1 4.75 785.2 32.1 5.14% 94.86%
10 703.8 2.00 729.9 26.1 4.18% 90.68%
20 368.6 0.820 403.7 35.1 5.62% 85.06%
20 564.1 0.425 605.6 41.5 6.64% 78.42%
60 531.9 0.250 584 52.1 8.34% 70.08%
140 474.2 0.150 574.1 99.9 15.99% 54.09%
200 507.9 0.075 543.4 35.5 5.68% 28.41%
Pan 388.3 - 682.4 294.1 - -
616 .4
Percent Accuracy= 	 98.67%
Do= 	 0.19 
	
C,i= 	 63.33
D30 	0.024 	 C.=	 1.01
D10= 	 0.003 
Table C.6 Soil Sample Data S-3 (continued)
Hydrometer Data Sheet
Project 	Sparta Landslide 	Job No.
Location of Project 	Sparta, New Jersey Rt. 517 	Boring No. 	- 	Sample No. 	S-3
Description of Soil 	Brownish Silty Sand - Side Slope 	Depth of Sample 	8' 
Tested by 	James Talerico 	Date of Testing 	312312001 
General Data: Hydrometer Type 	152H 	Zero Correction= 	9.0 	Meniscus 	1.0
	
Dispersing Agent 	NaP03 (Calvin) 	Amount Used 	40/0 & 125mL 
	G. 	 of Solids= 	2.69 	CF a = 	 0.992 	 iii (if air-dry)= 	 %
	
Mass soil 	 (wet, dry)= 	50 	g	 % Finer = 	28.41% 	Control Sieve no. 	200
	C I @ 22.5*C= 	 0.55
	 Cry @ 24*C= 	1.00
Date
Time of
Reading
Elapsed
time, min Temp., •C
Actual
Hyd.
Reading. R.
Corr. Hyd.
Reading, R a
Act. %
Finer Adj. % Finer
Hyd. Corr.
Only for
Meniscus,
R
L from
Table 6-5 git
K from
Table 6-4 D, ram
22-Apr 2:13 PM 0 22.5 - - - - - - - - -
2 22.5 43 34.6 68.55% 33.18% 44 9.3 4.65 0.01318 0.028421
4 22.5 38 29.6 58.63% 28.38% 39 10.2 2.55 0.01318 0.021047
8.5 22.5 36 27.6 54.66% 26 .26% 37 11 1.294118 0.01318 0.014993
16 22.5 32 23.6 26.72% 22.62% 33 11.6 0.725 0.01318 0.011222
30 22.5 29.5 21.1 41.76% 20.22% 30.5 12.2 0 .206667 0.01318 0.008205
60 22.5 25 16.6 32.84% 15.89% 26 12.7 0.211667 0.01318 0.006064
125 22.5 22 13.6 26.88% 13.01% 23 13.2 0.1056 0.01318 0.004283
330 22.5 18 9.6 18.95% 9.17% 19 13.6 0.041212 0.01318 0.002676
1170 24 15 7 13.89% 6.72% 16 13.8 0.011795 0.01318 0.001431
23-Apr 2:13 PM 1410 24 15 7 13.89% 6.72% 16 14 0.009929 0.01318 0.001313
22-Apr 2:13 PM 2850 24 14 6 11.90% 5.76% 15 14.2 0.004982 0.01318 0.00093
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
10.0000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                1.0000 0.1000  0.0100 0.0010 0.0001
Parade mass, nun
Soil S-3
Figure C.6 Grain size chart sample S-3.
Table C.7 Soil Sample Data S-4
Grain Size Data Sheet
Project 	 Sparta Landslide 	Job No.
Location of Project 	 Sparta, New Jersey Rt. 517 	Boring No. 	 - 	Sample No. 	 S-4
Description of Soil 	 Gray Gravelly Silt 	 Depth of Sample 	 14' 
Tested by 	 James Talerico 	 Date of Testing 	 11/18/2002       
Mass of Dry Sample + Dish
Mass of Dish
Mass of Dry Sample  
2254.5
149 
2105.5                
Sieve No. (0 Diem. (mm)
Sieve/Bowl Mass
Total Mass Mass retained % retained % passing
19mm 511.1 19 826.4 315.3 14.98% 83.02%
4 755.6 4.75 914.5 158.9 7.55% 77.48%
10 716.5 2.00 827.7 111.2 5.28% 72.20%
20 372.6 0.820 281.4 108.8 5.1 Ai. 67.03%
20 5542 0.425 693.7 138.9 6.60% 60.43%
60 545.9 0.250 709.6 163.7 7.77% 52.66%
120 472.3 0.150 735.3 263 12.49% 20.17%
200 291 0.075 351.4 60.4 2.87% 37.30%
Pan 0 - 1004.9 1100.6 - -
= 2105.
D o= 	 0.43 
	
Cu  70.49
D30= 	0.03 
	
CG= 	 0.34 
D10= 	 0.0061 
Table C.7 Soil Sample Data S-4 (continued)
Hydrometer Data Sheet
Project
Location of Project
Description of Soil
Tested by  
Sparta Landslide 
Sparta, New Jersey Rt. 517 
Gray Gravelly Silt
James Talenco
Job No.
Boring No. 	 Sample No. 	S-4
Depth of Sample 	14 
Date of Testing 	11118)2002 
General Data: Hydrometer Type 	152H 	Zero Corection 	9.0 	Meniscus 	1.0 
	
Dispersing Agent 	NaP03(Calgon) 	Amount Used 	4% & 125111 
	Gm of Solids= 	2.69 	CF a =	 0.992 	w (if air-dry)=
	
Mass soil (wet, dry)= 	50 	g	 % Finer = 	37.30% 	Control Sieve no. 	200
Cry 22.5= 0.55
Cry24*C=1.00
Date
Time of
Reading
Elapsed
time, min
Temp.,
*C
Actual
Hyd.
Reading, R .
Corr. Hyd.
Reading, R .
Act. %
Finer
Adj. %
Finer
Corr.
Only for
Meniscus,
R
L from
Table 6-5 Lit
IC from
Table 6-4 D, mm
22-Apr 2:19 PM 0 22.5 - - - - - - - - -
2 22.5 43 34.6 68.55% 25.57% 24 9.3 4.65 0.01318 0.028421
4 22.5 40 31.6 62.60% 23.35% 41 10.2 2.55 0.01318 0.021047
8.5 225 36 27.6 54.66% 20.39% 37 11 1.294118 0.01318 0.014993
16 22.5 32 23.6 26.72% 17.43% 33 11.6 0.725 0.01318 0.011222
30 22.5 28 19.6 38.79% 14.47% 29 12.2 0.206667 0.01318 0.008205
60 22.5 22 13.6 26.88% 10.03% 23 12.7 0.211667 0.01318 0.006064
125 22.5 20 11.6 22.92% 8.55% 21 13.2 0.1056 0.01318 0.004283
330 22.5 18 9.6 18.95% 7.07% 19 13.6 0.041212 0.01318 0.002676
1170 24 15 7 13.89% 5.18% 16 13.8 0.011795 0.01318 0.001431
23-Apr 2:19 PM 1410 24 15 7 13.89% 5.18% 16 14 0.009929 0.01318 0.001313
22-Apr 2:19 PM 2850 24 14 6 11.90% 4.44% 15 14.2 0.004982 0.01318 0.00093
1.0000 0.1000
	
0.0100
Pared* Diameter, ram
MIL
WI
as
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
100.0000
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Figure C.7 Grain size chart sample S-4.
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Figure C.8 Grain size overlay.
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APPENDIX D
SLOPE STABILITY ANALYSIS DATA
This appendix is broken down into three subsections, which are D.1, D.2 and D.3.
Subsection D.1 lists all equations used for analysis. Their variables can be viewed under
the terms of definitions. Subsection D.2 is the solutions for all soil property calculations
and infinite slope analyses. Subsection D.3 is the computations and solutions for the
equilibrium analyses, which consist of six different conditions that analyzed the variation
of the angle of internal friction as well as analyzed the road cut.
95
Figure D.1 Free body diagram of equilibrium analysis (Oweis 1998).
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102
Infinite Slope Stability without Seepage for Silty Sand Soil Strata
(average moist unit weight for Silty Sand)
103
104
105
106
107
g
109
REFERENCES
1 AccuWeather, Inc. (2000, August 12). 24-Hour Storm Precipitation - Doppler
Estimated. Retrieved February 20, 2002 from the World Wide Web:
http://cybervox.org/2000/0812/INM24HRPA_.html.
2 American Society for Testing and Materials (ASTM). (2000). Annual Book of ASTM
Standards, Section Four Construction, Volume 04.08 Soil and Rock (I): D 
420-D 5779. West Conshohocken, PA: ASTM.
3 Bates, R.L., and J.A. Jackson, eds. 1987. Glossary of Geology. American Geological
Institute, Fall Church, Va.
4 Casale, Riccardo. & Margottini, Claudio (Eds.). (1999) Floods and Landslides. 
Berlin, Germany: Springer.
5 Coduto, Donald P. (1994). Foundation Design Principles and Practice. Englewood
Cliffs, NJ: Prentice-Hall Inc.
6 Cruden, D.M., 1991. A Simple Definition of a Landslide. Bullentin of the
International Association of Engineering Geology, No. 43, pp. 27-29.
7 Das, Braja M. (1994). Principles of Geotechnical Engineering (3 rd ed.). Boston,
MA: PWS Publishing Company.
8 Domenico, Patrick A., & Schwartz, Franklin, W. (1998). Physical and Chemical 
Hydrogeology  (2 11d ed.). New York: John Wiley & Sons, Inc.
9 Ellen, Stephen D., & Wieczorek, Gerald F. (1988). Landslides, Floods, and Marine 
Effects of the Storm of January 3-5, 1982, in the San Francisco Bay Region, 
California. U.S. Geological Survey Professional Paper 1434, United States
Government Printing Office, Washington.
10 Fletcher, S. J. (1975). Soil Survey of Sussex County, New Jersey. Soil Conservation
Service, U. S. Department of Agriculture, Washington, D. C. 20250.
11 Gribbin, John E. (1997). Hydraulics and Hydrology for Stormwater Management. 
Albany, NY: Delmar Publishers.
12 Holtz, Robert D., & Kovacs, William D. (1981). An Introduction to Geotechnical
Engineering. Englewood Cliffs, NJ: Prentice-Hall Inc.
1 10
111
13 Hutchinson, J.N. 1988. General Report: Morphological and Geotechnical Parameters
of Landslides in Relation to Geology and Hydrogeology. In Proc., Fifth
International Symposium on Landslides (C. Bonnard, ed.) A.A Balkema,
Rotterdam, Netherlands, Vol. 1, pp. 3-35.
14 Landslides Investigation and Mitigation (1996). Washington D.C.: National Academy
Press.
15 Lombardo, Frank & Else, Thomas M. (2000). Extreme Rainfall Event in Sparta, NJ. 
Hackettstomm, NJ: Weather Works.
16 National Weather Service. (2000). Storm Data and Unusual. Weather Phenomena, 
August 2000, New Jersey Report. Retrieved October 9, 2002 from the World
Wide Web: http://www.ncdc.noaa.gov/pdfs/sd/sd.html.
17 Oweis, I.S., & Khera, R.P. (1998). Geotechnology of Waste Management (2 nd ed.).
New York: PWS Publishing Company.
18 Philbrick, S.S., & Cleaves, A.B. (1958). Field and Laboratory Investigations. In
Special Report 29: Landslides and Engineering Practice, HRB. Washington,
D.C.: National Research Council.
19 Sidle, Roy C., Pearce, Andrew J., & O'Loughlin, Colin L. (1985). Hillslope Stability
and Land Use. Washington D.C.: American Geophysical Union.
20 Sowers, G.F., Royster, D.L. (1978). Field Investigation. In Special Report 176: 
Landllides: Anaylsis and Control, TRB. Washington, D.C.: National Research
Council.
21 State of New Jersey Department of Community Affairs. (1999). Residential Site 
Improvement Standards New Jersey Administrative Code Title 5 Chapter 21. 
Washington, D.C.: Government Printing Office.
22 United States Geological Society. (1991, March 8). Aerial Photograph of Sparta, New
Jersey, United States on March 8, 1991. [Photo posted on Web site Microsoft
TerraServeri. Retrieved February 20, 2002 from the World Wide Web:
http://terraserver.homeadvisor.msn.com/image.aspx?t=1&s=11&x=1330&y=1135
z=18&w1.
23 United States Geological Society. (2002, February 20) Sparta, New Jersey, Flood of
August 11-14, 2000 [Article Posted on Web site USGS Water Resources'.
Retrieved October 9, 2002 from the World Wide Web:
http://wwwnj.er.usgs.gov/publications/FS/fs-104-01/.
24 U.S. Naval Facilities Engineering Command. (1986) Soil Mechanics. Washington,
DC: Government Printing Office.
